A 73-year-old female hemodialysis patient experienced fever, shortness of breath on effort, and chest discomfort. A decrease in breath sounds in the right lung field, leukocytosis, elevated CRP level, and a right massive pleural effusion were observed. The patient was diagnosed with bacterial pleuritis based on leukocyte-predominant exudative pleural effusion, and treated with ceftriaxone. Her symptoms, however, were not improved, so thoracic drainage was attempted. Campylobacter species were isolated from cultured pleural fluid samples, and Campylobacter jejuni subspecies jejuni was detected on the multiplex PCR assay. The antibiotic was therefore changed to minocycline following pazufloxacin, and her symptoms were improved.
Introduction
The incidence of pleural effusion in patients receiving long-term hemodialysis who are admitted to the hospital is approximately 20% (1, 2) . Volume overload has previously been found to be the most common cause of pleural effusion (1, 2) . The thoracic complications of hemodialysis are mainly related to poor management of the fluid balance. Unilateral effusion has an approximately 80% positive predictive value for a non-heart failure etiology (1) . Non-heart failure-origin pleural effusion, uremic pleurisy, and parapneumonic effusion are common causes (1) . Infection is one of the most common causes of death in patients undergoing long-term hemodialysis, and at autopsy 45% show pathological evidence of significant acute pulmonary infection (3) . The frequency of respiratory infections in uremic patients is greater than that in the rest of the population due to depression of the humoral and cellular immune system, and reduced activity of the macrophages (4), which is not modified by the dialysis treatment. Streptococcus pneumoniae and Hemophilus influenzae are common causes of respiratory infections in patients with comorbid illness and/or those who are more than 65 years of age (5) , but Campylobacter species are rare. We report herein a hemodialysis case associated with pleuritis caused by Campylobacter jejuni, and suggest a useful method for confirmation of Campylobacter species.
Case Report
A 73-year-old woman who had been on regular hemodialysis for 8 years was admitted for fever, shortness of breath on effort, and chest discomfort. She had suffered from end-stage renal disease, the underlying cause of which was diabetic nephropathy. Otherwise, she had no significant past medical history. In early December 2008, she had experienced fever, shortness of breath on effort, and chest discomfort. Although she did not have any gastrointestinal symptoms such as nausea, abdominal pain, or diarrhea, she had had a poor appetite approximately 1 month previously. At that time, her blood examination showed normal values of white blood cell counts and serum CRP level, but minimal pleural effusion with marked cardiomegaly was ob- served on her chest X-ray. The patient's vital signs were as follows: height 150 cm, weight 50.5 kg, blood pressure 104/68 mmHg, pulse rate 77/min, respiratory rate 20/min, body temperature 36.8 . Her level of consciousness was normal. On physical examination, a decrease in breath sounds was observed in the right lung field, but no crackles or wheezes were heard. She had normal heart sounds and no murmurs. No pretibial edema was noted. No peripheral lymphadenopathy was present. On laboratory examinations, leukocytosis (white blood cell, 14,400/mm 3 ) and elevated C-reactive protein (CRP) levels (28.3 mg/dL) were newly observed. Mild anemia (hemoglobin concentration, 9.8 g/dL) was revealed, and the blood urea nitrogen and serum creatinine levels were elevated to 69.7 and 9.82 mg/dL, respectively. The oxygen saturation was 92% via pulse oximetry on room air. Other laboratory data are also shown (Table 1) . A chest radiograph and computed tomography scan showed a right massive pleural effusion without apparent pulmonary parenchymal abnormalities (Fig. 1) . For evaluation of the pleural effusion, thoracentesis was performed and the pleural fluid was exudative: pH 7.1, protein 4.4 g/dL, glucose 93 mg/dL, LDH 534 IU/L, and cell count 7,700/mm 3 (neutrophils 84.6%, lymphocytes 8.8%, histiocytes 6.6%). The adenosine deaminase of the fluid was 22.7 IU/L and polymerase chain reaction (PCR) of the fluid for tuberculosis was negative. The cytology of the pleural fluid was negative. She was diagnosed with bacterial pleuritis based on leukocyte-predominant exudative pleural effusion, and she was treated with ceftriaxone (intravenously 1 g/day).
Gram-stained smears of pleural fluid before the administration of antibiotics revealed spiral-shaped Gram-negative bacilli, and Campylobacter species were isolated from pleural fluid samples on the blood agar plate incubated in microaerophilic conditions at 37 and 42 , but not at 25 . Species of Campylobacter was not confirmed, but Campylo- bacter jejuni were suspected because of the hydrolyzed reaction for hippurate and the sensitivity to antibiotics (sensitive to nalidixic acid and resistant to cephalothins). Isolated Campylobacter species were also sensitive to ampicillin, clindamycin, erythromycin, fosfomycin, minocycline and levofloxacin. Cultures of her blood, feces, and sputum for bacterial organisms and mycobacterium were negative. Based upon these findings, the diagnosis of pleuritis caused by Campylobacter species was made. However, her symptoms were not improved and her dyspnea continued to worsen, so thoracic drainage was attempted and pleural effusion was completely drained. Moreover, the antibiotic was changed to minocycline (intravenously 100 mg/day) following pazufloxacin (intravenously 300 mg/day). Her symptoms gradually improved, and her peripheral leukocyte count and serum CRP level were normalized 8 weeks later (Fig. 2) . Later, to identify the Campylobacter species, a multiplex PCR assay (6, 7) was performed with isolates from pleural effusion of the present case. A 650-bp fragment on 23S rRNA (Campylobacter species), a 323-bp fragment on hipO gene (Campylobacter jejuni), and a 326-bp fragment on napB gene (Campylobacter jejuni subspecies jejuni) were observed, but no 126-bp fragment on glyA gene (Campylobacter coli) was revealed (Fig. 3) . She was diagnosed with bacterial pleuritis caused by Campylobacter jejuni subspecies jejuni.
Discussion
Campylobacter species were first isolated from the blood cultures of patients with diarrhea in 1938, and they were isolated from feces by the membrane filtration method in 1972 (8) . The selective medium for the isolation of Campylobacter species was developed in 1977 (9), and biochemical identification methods for the species have advanced since then (10, 11) . However, these methods are limited and unreliable. Recently, molecular methods using PCR identification have allowed for the detection and identification of Campylobacter species to the species level (12) . A colony PCR method used in the present case was developed and optimized to identify the 23S rRNA from Campylobacter species, the hipO gene (hippuricase) from Campylobacter jejuni, glyA gene (serine hydroxymethyltransferase) from Campylobacter coli, Campylobacter lari, and Campylobacter upsaliensis, and napB gene from Campylobacter jejuni subspecies jejuni (6, 7) . This method is rapid and easy to perform and has a high sensitivity and specificity for characterizing isolates from Campylobacter species (6) .
Campylobacter jejuni is a major cause of endemic and epidemic gastroenteritis that may be very severe, with bloody stools, life-threatening anemia, and a prolonged course (13) . In patients with disorders of immunologic function, a variety of extraintestinal infections have been reported, including bacteremia, cholecystitis, pancreatitis, hepatitis, and peritonitis (14, 15) . However, systemic infection is usually caused by Campylobacter fetes. In patients undergoing peritoneal dialysis, there have been only 18 cases of peritonitis caused by Campylobacter jejuni, 4 of which were accompanied by bacteremia by an indistinguishable organism (16) (17) (18) . However, there has been no case associated with pleuritis caused by Campylobacter species in patients with end-stage renal failure. To our knowledge, pleuritis caused by Campylobacter species is very rare (19) (20) (21) (22) (23) (24) (25) (26) . In the previous literature (Table 2) , causes of infection were Campylobacter lari in one (24) and Campylobacter fetes in other cases (19-23, 25, 26) , but Campylobacter jejuni has not been reported. The present case was the first report of pleuritis caused by Campylobacter jejuni. Most of the patients with infection caused by Campylobacter species were compromised hosts who had chronic diseases or were drug abusers. The symptoms at onset were fever, malaise, and respiratory symptoms (cough, dyspnea, or short of breath), but gastrointestinal symptoms were not prominent; diarrhea was observed in 2 cases (22, 26) and abdominal pain in one (24) . Although Campylobacter species were isolated from the pleural fluid (20, (21) (22) (23) (24) (25) (26) or peripheral blood (19, (21) (22) (23) (24) (25) in previous cases, cultures of feces for bacterial organisms were negative in all cases. Similar to previous cases, gastrointestinal symptoms were not noticed in the present case, and Campylobacter jejuni was not detected in the cultures of feces. Therefore, the initial invaded lesion of Campylobacter was not identified in the present case. Most patients with Campylobacter infections require no more than supportive treatment, such as maintenance of hydration and electrolyte balance, but antibiotics are used for compromised patients (27) . Erythromycin is usually administered as the first line agent for Campylobacter infections, because of an increasing fluoroquinoloneresistant Campylobacter (27) . However, the present case was treated with low-dose metildigoxin, which is metabolized by CYP3A4 the same as erythromycin, for her paroxysmal atrial fibrillation. Therefore, she was initially treated with fluoroquinolone (pazufloxacin) because of sensitivity to this antibiotic. As for the treatment for pleuritis caused by Campylobacter species, thoracic drainage is generally attempted in most cases and a combination of several antibiotics is administered in all cases. However, long-term treatments have been necessary; the median treatment period was 40 days (3 to 12 weeks; [19] [20] [21] [22] [23] [24] [25] [26] , and the prognosis of these pleuritis cases was poor, as 3 cases died (19, 24, 26) . In the present case, 8 weeks passed until improvement and administration of antibiotics was continued throughout this period. It may be necessary for treatment with antibiotics to extend over a long period of time for pleuritis caused by Campylobacter species. In summary, Campylobacter species are rare causes of respiratory infections in patients undergoing long-term hemodialysis, but the prognosis for pleuritis caused by Campylobacter species is poor. Therefore, prompt diagnosis and treatment with antibiotics extending for over a long period of time may be needed. A colony PCR method may be useful for prompt diagnosis of pleuritis caused by Campylobacter species.
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